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CHAPTER! 
INTRODUCTION 
India is one of tiie 12-mega biodiversity centres having about 10% of the world's 
biodiversity wealth, which is distributed across 16 agro-climatic zones. Out of 17,000 
species of higher plants reported to occur within India, 7500 are known to have medicinal 
uses. This proportion of medicinal plants is the highest known in any other country against 
the existing flora of that country. 
Plants have been an important source of medicine for thousands of years. Even 
today, the WHO estimates that upto 80% of people still rely mainly on traditional 
remedies such as herbs for their medicines. Plants are also the source of many modern 
medicines. It is estimated that approximately one quarter of prescribed drugs contain plant 
extracts or active ingredients obtained from or modeled on plant substances. The most 
popular analgesic, aspirin, was originally derived from species of Salix and Spiraea and 
some of the most valuable anti-cancer agents such as vincristine and vinblastine are 
derived solely from plant sources. 
The medicinal value of plant is due to the presence of some chemical substances in 
plant tissues that produce a definite physiological action on human body. The most 
important of these substances are the alkaloids, compounds of carbon, hydrogen, oxygen 
and nitrogen. Glycosides, essential oils, fatty acids, resins, mucilage, tannins and gums are 
utilized e.g. Papaver somniferum is a source of different types of alkaloids out of which 
morphine, codeine, papaverine and nascopine are used to cure nervous disorders. 
Rauvolfia serpentina, R. canascens and R. vomitora contain reserpine, resinanine and 
deserpine, which are used in medicine. This shows that they occupy a very significant 
place as raw material for some important drugs. More than 100 medicinal plants are used 
in modem medicine. Currently, approximately, 25% of drugs are derived from plants and 
many others are synthetic analogues built on prototype compounds isolated from plant 
species in modern pharmacopoeia. 
The practice of traditional medicine is widespread in China, India, Japan, Pakistan, 
Sri Lanka and Thailand. In Thailand, herbal medicines make use of legumes found in the 
Caesalpinaceae, the Fabaceae and the Mimosaceae. Nearly 11,000 species of legumes are 
known and many are important as industrial, medicinal or food plants. The family 
Leguminaceae contains a large number of medicinal plants. 
Continuous exploitation of several medicinal plant species from the wild and 
substantial loss of their habitats during the past 15 years have resulted in the population 
decline of many high value medicinal plant species over the years. 
There is a need for conservation of all useful plant species, and also their 
cultivation, maintenance and assessment of germplasm for future use. Conservation of 
medicinal plant species is possible through either in situ or ex situ means or preferably 
through a combination of both. The major constraints in in situ conservation of many 
plants include slow regeneration rates, over-exploitation and destruction of their natural 
habitats. Plant Biotechnology/ Tissue culture/Micropropagation offers great potential not 
only for rapid multiplication of existing stock of plant species but also for conservation of 
important, elite and endangered ones. 
Plant Biotechnology comprises of in vitro methods of plant cell and tissue 
culture, application of tools and techniques of molecular biology and genetic engineering 
for accelerated plant improvement. With the advent of modem biotechnological 
techniques, plants are looked upon as great potentialities to produce Molecular Farming 
products such as foreign proteins, edible vaccines and biopolymers and to manipulate via 
cell cultures technologies to produce valuable compounds at lower costs. Plant Tissue 
Culture technology is now extensively used for conservation on short and medium term 
basis. The main advantage of in vitro technology is its ability to regenerate disease free, 
true to type plants at high frequency from meristems, shoot tips, axillary buds or nodal 
segments. In a tissue culture repository, the germplasm is conserved under normal growth 
conditions. In India, in vitro conservation of vegetatively propagated medicinal and 
aromatic plants is being undertaken at the National Gene Bank of National Bureau of 
Plant Genetic Resources. Presently, more than 1900' accessions are being maintained 
under slow growth conditions in the in vitro repository. Some of the applications of 
biotechnology in medicinal legumes are depicted in Table I. 
Table 1: Application of biotechnology (tissue culture) of some medicinal legumes 
Plants 
Abrus precatorius 
Glycorhizza glabra 
Pueraria lobata 
Tylophora indica 
Mucuna prune ns 
Psoralea corylifolia 
Cassia angustifolia 
Cyamopsis tetragonoloha 
Ornithopus salivus 
Parts used 
Hypocotyl, Nodal segments 
Axillary buds 
Root and Stem 
Root, Nodal segments , 
Root, Stem, Leaves 
Axillary buds. Nodal segments 
Nodal Segments 
Cotyledonary node 
Stem, Leaves 
Tissue culture 
Multiple shoots 
Multiplication 
Cell suspension 
Multiple shoots 
Cell suspension 
Multiple shoots 
Multiple shoots 
Multiple shoots 
Cell suspension 
1.1. In Vitro propagation techniques 
Biotechnological tools have vast applications in biodiversity conservation and 
related activities of characterization and evaluation. Biotechnological tools are important 
for multiplication and genetic enhancement of the medicinal plants by adopting techniques 
such as in vitro regeneration and genetic transformations. It can also be harnessed for 
production of secondary metabolites using plants as bioreactors. Today, tissue culture 
technology is being exploited for production of elite planting material with desirable 
characteristics. In many cases it provides an opportunity to maintain true to type plant 
species and the propagation system can produce a large number of plants from a single 
clone. Plant regeneration from shoot and stem meristems have yielded encouraging results 
in many medicinal plants (Faisal et al. 2006a and b; Husain et al. 2006a and b; Faisal et 
al. 2007 and Ahmad et al. 2007b). Micropropagation of medicinal plants has been 
achieved from organized tissue by multiplication of meristems and axillary buds. Many of 
the regenerated plants showed somaclonal variations and selections were made for high 
active principle yielding cell lines. By using Biotechnology (Tissue Culture and Genetic 
Engineering), the medicinal plants can be conserved and the production of the medicinal 
plants can be increased manifold and supplied as a source of raw material for 
pharmaceutical industry. Thus, to sum up, various components of in vitro techniques can 
be represented as below: 
Micropropagation 
i 
Multiplication of plants 
Medicinal plant 
Explant 
Tissue culture 
Suspension Culture 
i 
Secondary Metabolites 
I 
Genetic Transformation 
1 
Improved Quality 
A brief description of the plant studied during present investigation is given below: 
1.2. Clitoria ternatea L. (Blue variety) 
English name 
Hindi name 
Family 
Plant parts used 
Butterfly pea, Conch flower. Mussel shell-creeper 
Aparajita 
Fabaceae 
Leaves, roots, seeds and pods 
1.2.1. Habitat 
A rambling, pretty, indigenous climber widely found in IndoChina, the Philippines 
and Madagascar, upto 2-3 m in height, extensively grown in garden for its flowers and 
also found commonly as an escape in hedges and thickets throughout India, upto an 
altitude of 1500m and in the Andaman Islands. 
1.2.2. Botanical description 
Stem scandent; leaves pinnately 5-foliate, 6-13 cm long; leaflets ovate or oblong, 
2-5 cm long; flower papilionaceous, bright blue with yellow or orange centre; pods flat 
beaked; seeds yellowish brown, subglobose. 
1.2.3. Chemical Constituents 
There are low levels of condensed tannins (0-2.48 mg catechin/g) and protein 
precipitable polyphenols (0.16-0.77 mg tannic acid/g) in the raw mature seeds (Laurena et 
a/. 1994). The seeds contain a highly basic small protein named finotin (Kelemu et al. 
2004). Clitoria ternatea flowers contain little calcilim (1.9mg/100mg) compared to 
common vegetables (Parimaladevi et al. 2003). 
1.2.4. Traditional Uses 
Clitoria ternatea is used as a brain tonic to promote memory and intelligence 
(Gomez and Kalamani, 2003). The plant extract is used in a rejuvenating recipe to treat 
neurological disorders and is considered to be wholesome for the intellect. 
The roots are bitter, refrigerant, laxative, diuretic, anthelmintic and tonic and are 
useful in dementia, hemicrania, burning sensation, leprosy, inflammation, leucoderma, 
bronchitis, asthma, pulmonary tuberculosis, ascites and fever while the leaves are useful in 
otalgia and hepatopathy and the leaves are cathartic (Jain et al. 2003). The plant is 
considered to be useful for eye infection, skin diseases, urinary troubles, ulcers and has 
antidotal properties (Gomez and Kalamani, 2003). 
Clitoria ternatea showed a wide spectrum of central nervous system activities i.e. 
nootropic, anxiolytic, anti-stress, anti-depressant and anti-convulsant (Jain et al. 2003). 
The seeds extract contain antifungal proteins which were similar to plant 
defensives previously characterized from radish seeds (Osbom et al. 1995). A highly basic 
small protein, fmotin has broad and potent inhibitory effect on the growth of important 
plant fungal pathogens and the common bean bacterial blight pathogen, Xanthomonas 
axonopodis pv. phaseoli (Kelemu et al. 2004). Finotin also has insecticidal properties, as 
it is a powerful inhibitor of two bean bruchids. 
Anti-inflammatory, analgesic and antipyretic activities of the plant were attributed 
to its flavanoid content (Parimaladevi et al. 2003). 
The role of study of differentiation and growth in vitro i.e. in vitro morphogenesis 
or tissue culture is, immense for conservation of phytodiversity ex situ and in situ, 
particularly in establishing gene banks. Its application for germplasm preservation is 
imperative, especially in case of hybrids, which must be propagated vegetatively or where 
seeds are not produced or the plant is systematically diseased or the plant material is very 
limited. Also, it is invaluable, where the preserved germplasm has to be cloned not only at 
a fast rate, but when it fails to be regenerated by conventional methods of propagation. It 
is a common knowledge that interplay of various morphogenic stimuli, which can be 
managed in the in vitro grown plants system, can hardly be done ex vitro. 
Strategies to regenerate plants from tissue culture of legumes have been evolved 
steadily during the past few years. Plant regeneration in vitro in Clitoria ternatea has been 
reported from leaf (Malabadi and Nataraja, 2001), immature embryos and seedlings 
(Lakshmanan and Dhanalakshmi, 1990), nodal segments (Rout, 2005), cotyledonary node 
(Barik et al. 2007) and excised root culture (Shahzad et al. 2007) but with a limited 
success. Therefore, the objective of the present investigation was to develop an efficient 
and rapid in vitro propagation protocol of this important legume using tissue culture 
techniques followed by successful ex vitro establishment of regenerated plants. 
1.3. Objectives 
The present experimental work was undertaken with following objectives: 
1. To establish and proliferate the axenic cultures. 
2. To formulate cultural conditions for regeneration and multiplication from somatic 
tissues. 
3. To standardize the technique for rooting of regenerants. 
4. To acclimatize the plantlets and their establishment in ex vitro conditions. 
5. To optimize the technique for synthetic seed production and their conversion into 
plantlets. 

CHAPTER-2 
REVIEW OF LITERATURE 
2.1. Historical background 
Perhaps the earliest step towards the plant tissue culture was made by Henri Louis 
Duhamel du Moncaeu in 1756, who during his pioneering studies on wound healing in 
plants, observed callus formation (Gautheret, 1985). Development of the science of tissue 
culture is historically linked to the discovery of the cell and subsequent propounding of 
the cell theory by Schleiden (1838) and Schwann (1839). They proposed that any plant 
cell could be "totipotent" and may develop into complete plant. This idea was tested by 
several researchers, but the work of Vochting (1878) on callus formation and on the limits 
to divisibility of plant segments was perhaps the most important. He showed that the 
upper part of a stem segment always produced buds and the lower end produced callus or 
roots. He demonstrated polar development and recognized that it was a function of the 
cells and their location relative to the cut ends. 
The theoretical basis for plant tissue culture was proposed by Gottlieb Haberlandt 
in his address to the German Academy of Science in 1902 on his experiments on the 
culture of single cells of Lamium purpureum and Eichornia crassipes on Knop's solution 
with sucrose and observed obvious growth in palisade cells. Thus, he established the 
concept of totipotency and further indicated that it is possible in principle to isolate plant 
cells and grow them in artificial culture media and developed a new experimental 
approach to investigate the important problems associated with regeneration of the plants. 
In the early 1920s, workers attempted to grow plant tissues and organs in vitro. Using a 
different approach Kotte (1922), a student of Haberlandt and Robbins (1922) succeeded in 
culturing isolated root tips. White (1934) had established successfully indefinite culture of 
tomato root tips using explants with meristematic cells. Success was also achieved with 
bud cultures by Loo (1945) and Ball (1946). 
Embryo culture also had its beginning early in this century, when Hanning in 1904 
successfully cultured cruciferous embryos. 
Skoog and Miller (1957) put forth the concept of hormonal control of organ 
formation after the discovery of cytokinin. Since then, tissue culture techniques have 
revolutionized the improvement in plant species and conservation. The dream of 
Haberlandt for the cultivation of somatic embryos became true when the first report 
appeared on somatic embryogenesis in carrot tissues by Reinert (1958, 1959) and Steward 
et al. (1958). Later, Maheshwari and his co-worker became actively engaged in in vitro 
techniques in 1960s and achieved landmark raising haploid through anther culture of 
Datura innoxia (Guha and Maheshwari, 1964, 1966). Takebe (1971) was the first who 
demonstrated the totipotency of protoplast and obtained tobacco plants from mesophyll 
protoplasts. Thorpe (1980) reported de novo organogenesis by interacting auxin and 
cytokinins in the medium. 
Explants such as CN, hypocotyls, callus (Thorpe, 1980) and thin (superficial) cell 
layers have been used in traditional morphogenetic studies as well as to produce de novo 
organs and plantlets in many plant species (Murashige 1974, 1979). 
These, in brief are some of the milestones in the development of the techniques of 
PTC, which is a valuable adjunct to conventional methods of plant improvement. 
2.2. Micropropagation 
It is the rapid production of large number of identical clones within a short 
duration in a limited space. It offers a viable tool for mass propagation and germplasm 
preservation of medicinal and aromatic plants (Bajaj et al. 1988; Arora and Bhojwani, 
1989; Sudha and Seeni, 1994; Pattnaik and Chand, 1996; Amo- Marco and Ibanez, 1998; 
Rout, 2002; Faisal and Anis, 2003; Joshi and Dhar, 2003; Anis and Faisal, 2005; Purohit 
et al. 2004; Ahmad et al. 2006; Faisal and Anis, 2006a and b; Siddique and Anis, 
2007a,b,c and d and Faisal and Anis, 2007). 
George Morel (1960) was the pioneer in applying shoot tip culture as a clonal 
multiplication tool. After his success in cloning the orchid, Cymbidium, the clonal 
multiplication gained momentum in the 1970s. Among numerous contributers in the field, 
Murashige (1974) should be credited as the dominant figure in the establishment of 
m icropropagation. 
2.2.1. Explanttype 
Aerial parts of plants such as shoot apices, hypocotyls, epicotyls, mesocotyl, 
cotyledon, cotyledonary node, leaf and stem segments have been known to possess the 
8 
potential for multiple shoot induction in aseptic culture (Bajaj and Gosal, 1981). Gau et al. 
(1Q93) have reported that the adventitious buds could be regenerated from different source 
organs of medicinal herbs e.g. terminal or lateral buds, bulbils, immature leaf blades, 
petioles, stem segments and root tips. 
In most cases, explants taken from aseptic seedlings have been very responsive, 
Cephalis ipecacuanha (Jha and Jha, 1989), Hedeoma muUiforum (Koroch, 1997), Cunila 
galioides (Fracaro and Echeverrigaray, 2001), Psorqlea corylifolia (Faisal and Anis, 
2005), Mucuna pruriens (Faisal et al. 2006a and b), Bupleurum kaoi (Chen et al. 2006), 
Vitex negundo (Ahmad and Anis, 2007), Cassia angustifolia (Siddique and Anis, 2007a 
and d); shoot tips of Pseudarthria viscida (Baskar et al. 2006). The size of the explant 
determines the survival of the cultures. In general, larger the explants better will be the 
chance of survival. Therefore, larger explants such as shoot tips and nodal buds instead of 
the minute meristems should be selected for in vitro micropropagation. Until recently 
several reports have been published on successful shoot tip culture of various plant 
species, cotyledonary nodes of Cajanus cajan (Pental et al. 1994), Viciafaba (Khalafalla 
and Hattori, 1999), Mucuna pruriens (Faisal et al. 2006b), Cyamopsis tetragonoloba 
(Ahmad et al. 2007b), Clitoria ternatea (Barik et al. 2007). Leaf segments served as an 
explant source in Centella asiatica (Banerjee et al. 1999), Clitoria ternatea (Malabadi and 
Nataraja, 2001), Bacopa monnieri (Tiwari et al. 2001) and Cardiospermum halicacabum 
(Babbere/a/. 2001). 
In vitro regeneration of medicinal plants has also been possible through the use of 
varied explants such as buds of rhizome of Alpinia galanga (Borthakur et al. 1999), 
hypocotyls of Clitoria ternatea (Lakshmanan and Dhanalakhshmi, 1990), root segments 
of Clitoria ternatea (Shahzad et al. 2007). Also, high frequency direct shoot proliferation 
was induced in intact seedling of Murraya koenigii (Bhuyan et al. 1997) and Artemisia 
judaica (Liu et al. 2003). 
Now-a-days, micropropagation has become the cynosure of tissue culture. The rate 
of shoot bud proliferation and production can be enhanced multifold, thus obtaining 
significant number of plantlets as reported by Faisal et al. 2005a and b; 2006a and b; 
2007; Siddique and Anis, 2007a,b,c and d; Ahmad and Anis, 2007a and b; Shahzad et al. 
2007 and Faisal and Anis, 2007. 
2.2.2. Media npe 
Murashige and Skoog (1962) medium is widely used to initiate growth of tissues 
in culture. For in vitro culture of most of the herbaceous species, full strength MS medium 
has been used, eg. Petunia hybrida (Frearson et al. 1973), Alpinia galanga (Borthakur et 
al. 1999), Artemisia judaica (Liu et al. 2003), Mucuna pruriens (Faisal et al. 2006a and 
b). 
2.2.3. Plant growth regulators 
The term plant growth regulator carries the broad category of organic substances 
(other than vitamins and micro-elements) that in minute amount promote, inhibit, or 
otherwise modify physiological process. The influences of plant growth regulators and 
their interaction in micropropagation of different plant species have been discussed by 
Rout and Das (1997a and b). Rout et al. (2000), Faisal and Anis (2005, 2006, 2007); 
Siddique and Anis (2007) and Ahmad and Anis (2005, 2006, 2007a,b,c and d) and Ahmad 
and Anis (2005, 2007a and b). 
Cytokinins such as 6-benzyladenine (BA), kinetin (Kin), zeatin and 2- isopentenyl 
adenine (2-iP) promote cell division, shoot proliferation, and shoot morphogenesis (Miller 
and Skoog, 1953; Miller, 1961). Cytokinins were shown to be the most critical growth 
regulators for shoot multiplication of many medicinal plant species (Jha and Jha, 1989; 
Sharma et al. 1993; Saxena et al. 1998; Rout et al. 2000). Sharma and Chandel (1992) 
reported micropropagation of Tylophora indica through^ nodal explants using BA. Sen and 
Sharma (1991b) reported that BA (2 mg/1) stimulated the development of shoot tips of 
Coleus forskohlii. Dhaka and Kothari (2005) observed maximum shoot proliferation on 
MS medium supplemented with BA (0.5 mg/1) and GA3 (0.5 mg/1) in Eclipta alba. 
Similarly, Purohit et al. (1994) developed an in vitro procedure for rapid clonal 
propagation of Chlorophytum borivilianum using shoot bases in MS medium containing 
22.2 |iM BAP. Also, Chen et al. (2006) found BA to be effective on shoot multiplication 
in Bupleurum kaoi. The positive effects of BA on bud proliferation and multiple shoot 
formation has been reported for several medicinal and aromatic plant species such as 
Sophora flavescens (Zhao et al. 1993), Ocimum sp. (Pattnaik and Chand, 1996), Alpinia 
galanga (Borthakur et al. 1999), Bacopa monniera (Tiwari et al. 2001), Ruta graveolens 
(Faisal et al. 2005b), Clitoria ternatea (Rout, 2005), Eclipta alba (Husain and Anis, 2006a 
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and b). Mucima pruriens (Faisal et al. 2006 a and b), Cassia angustifolia (Siddique and 
Anis. 2007a and d) and Tylophora indica (Faisal and Anis, 2007). 
Thidiazuron (N-phenyl-1,2,3, thidiazol-5-ylurea) has shown to posses potential 
activity as a cytokinin in the regulation of shoot organogenesis in several plant species 
(Fiola et al. 1990; Huettemann and Preece, 1993;Victor et al. 1999; Mithila et al. 2001, 
Cocu et al. 2004; Faisal et al. 2005a; Onofrio and Morini, 2005) including various 
legumes (Malik and Saxena 1992; Kanyand et al. 1994; Sanago et al. 1996; Eapen et al. 
1998; Lantcheva et al. 1999; Victor et o/.1999; Singh et al. 2003 and Ahmad et al. 
2007b). TDZ has been found to be effective in low concentration to stimulate shoot 
formation (Murthy et al. 1998). Cocu et al. (2004) recorded highest frequency of 
adventitious shoot regeneration in Calendula officinalis in MS medium supplemented with 
0.75 mg dm"^  TDZ. 
TDZ has also been used to induce shoot regeneration in several recalcitrant 
leguminous species {Pisum sativum, Cicer arietinum, and Lens culinaris) and from 
cotyledonary node explants and intact seedlings of Phaseolus vulgaris (Malik and Saxena, 
1992) Faisal et al. (2005a) investigated the effect of TDZ (0.5-10.0 nM) on shoot 
multiplication in Rauvolfia tetraphylla from nodal segment and reported maximum 
multiplication at 5.0 |J,M TDZ. Tiwari et al. (2001) reported in Bacopa monniera that 
adventitious shoot buds induction occurred at 6.8 ^M TDZ. Siddique and Anis (2007d) 
reported direct organogenesis in Cassia angustifolia from the nodal explants on MS 
medium containing 5.0 |iM TDZ. 
The positive effect of Kin (6-furfurylaminopurine) on shoot regeneration in 
various medicinal and aromatic plant species was reported by several workers (Pattnaik 
and Debata, 1996; Paek and Murthy, 2002; Makunga et al. 2005; Parabia et al. 2007). Kin 
at 3.0 mg/1 induced multiple shoots in Alpinia ga/anga'(Borthakur et al. 1999). Malabadi 
and Nataraja (2001) reported shoot regeneration in leaf explants of Clitoria ternatea on 
MS medium supplemented with Kin (2 mg/l) + AdS (100 mg/1). Similar observations 
were reported in Cardiospermum halicacabum, where Kin was rnore potent than BA for 
plant regeneration (Thomas and Maseena, 2006). 
It appears that BA is the most effective cytokinin for meristem, shoot tips and bud 
cultures followed by, in decreasing order, Kin and 2-iP (Bhojwani, 1980). 
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The balance of auxin to c>lokinin is a determining morphogenic factor. When 
shoot formation occurs on a medium containing a cytokinin alone, the explants must 
contain sufficient endogenous auxin or be capable of its de novo synthesis. The synergistic 
effect of a range of growth regulators in combination with BA on promotion of shoot 
multiplication is well documented for a number of medicinal plant species. Various 
successful combinations have been reported, such as BA + lAA for Valeriana wallichi 
(Mathur et al. 1988) and Adhatoda beddomei (Sudha ?nd Seeni, 1994); BA + 2,4-D for 
WUhania somnifera (Sen and Sharma, 1991a) as well as BA + Kin for Kaempfera galanga 
(Vincent e/a/. 1992). 
The synergistic effect of auxin and cytokinin has been well documented in several 
medicinal plants (Table 2). 
2.2.4. Sub-culturing 
A rapid rate of propagation depends on the sub-culturing of proliferating shoot 
cultures. Ajithkumar and Seeni (1998) reported that by repeated sub-culturing of node and 
leaf explants of Aegle marmelos, frequency of shoot proliferation and growth of shoots 
continued through five subculture passages without any sign of decline. Sahoo and Chand 
(1998) in Vitex negundo recorded the highest shoot multiplication upto first three culture 
passages and after which a gradual decline in shoot development was noticed. However, in 
Alpinia galanga, the multiplication rate did not decrease in the successive subcultures on 
the same medium even after more than one year (Borthakur et al 1999). In Bacopa 
monniera, an increase in shoot induction and multiplication has been reported upto third 
subculture passage beyond which the frequency and number of shoots decreased (Tiwari 
et al. 2001), whereas in Eclipta alba, repeated subculturing of node explants through the 
first three culture passages enabled continuous production of healthy callus-free shoots 
without any sign of decline (Husain and Anis, 2006a and b). Rout et al (1999) 
demonstrated a significant improvement in the shoot multiplication rate by subculturing 
nodal explants of Plumbago zeylanica at 4 weeks intervals. Upadhyay et al. (1989) 
reported similar observations for micropropagation of Picrorhiza kurroa and Sharma et al. 
(1993) for Gentiana kurroo. While Fracaro and Echeverrigaray (2001) reported repeated 
subculture of shoot tip and node at 4 week intervals for eight months on the medium 
which enabled mass multiplication of shoots without any evidence of decline in CMW/VO 
12 
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galioides. Siddique and Anis (2007 a and d) evaluated the effect of sub-culture passage on 
shoot multiplication of Cassia angustifolia and reported highest rate of shoot induction 
upto fourth passage, became stable during fifth passage and beyond which a gradual 
decline in multiplication rate was noticed. 
In some species viz. Vitex negundo (Sahoo and Chand, 1998); Ocimum sanctum 
and Ocimum americanuum (Pattnaik and Chand, 1996), the shoot proliferation frequency 
was greatly affected by the time of collection of explants. 
2.3. Root formation 
A high level of auxin to cytokinin favours root formation whereas the opposite 
condition i.e. an increased concentration of cytokinin and low auxin favours shoot bud 
induction. In general, roots of several species do show differences in their response to 
exogenous auxins. Rooting of microshoots has been obtained in herbaceous species in MS 
medium with lAA, IBA and NAA used singly or in combination or when transferred to 
hormone free medium. Shoots grown on MS basal medium supplemented with 0.5 mg/1 
IBA and 0.2 mg/I NAA formed roots with the highest frequency (94.4%) in Bupleurum 
kaoi (Chen et al. 2006). IBA has been reported to be a better auxin for rooting in several 
herbaceous species compared to lAA and NAA (Rani and Grover, 1999; Huang et al. 
2000; Martin, 2002). Barik et al. (2007) reported that IBA at 0.25 mg/1 was most effective 
in inducing roots in Clitoria ternatea. The stimulating effect of IBA on root formation has 
been reported in many medicinal plant species, including Murraya koenigii (Bhuyan et al. 
1997); Ocimum basilicum (Sahoo et al. 1997); Swaisona formosa (Jusaitis, 1997); 
Centella asiatica (Banerjee et al. 1999); Aloe polyphylla (Abrie and Van-Staden, 2001); 
Cunila galoides (Fracaro and Echeverrigaray, 2001); >Holostemma ada-kodien (Martin, 
2002); Gymnema sylvestre (Komalavalli and Rao, 2000); Tylophora indica (Faisal and 
Anis, 2003); Olea europaea (Santos et al. 2003); Sesbania drummondii (Cheepala et al. 
2004); Ruta graveolens (Faisal et al. 2005b); Rauvolfia tetraphylla (Faisal et al. 2005a); 
Psoralea corylifolia (Faisal and Anis, 2006); Mucuna pruriens (Faisal et al. 2006a and b); 
and Cassia angustifolia (Siddique and Anis, 2007a and d). Sucrose concentration acts as 
an enhancer of osmotic potential and also plays a vital role in root induction. Generally 
3% sucrose was used in most of the plants for root induction (Jha and Jha, 1989; Pattnaik 
15 
and Debata, 1996; Khalafalla and Hattori, 1999; Komalavalli and Rao, 2000). However, 
Rout et al. (1999, 2000) used 2% sucrose for root induction. 
2.4. Hardening and Acclimatization 
The physiological and anatomical characteristics of micropropagated plantlets 
necessitate that they gradually acclimatize to the environment of the greenhouse or field. 
In Mucuna pruriens (Faisal et al. 2006a), 90% plantlets with well developed roots were 
transferred to pots containing soilrite for hardening under diffuse light for 4 weeks and 
were eventually established in natural soil. Sahoo and Chand (1998) found in Vitex 
negundo that out of four planting substrates examined i.e. vermiculite, vermicompost, 
soilrite mixture and garden soil; percentage survival of the plantlets was highest (93%) in 
vermicompost. 
Similarly, Faisal et al. (2005a) reported that 60% rooted plantlets with 4-6 fully 
expanded leaves and well developed roots were transferred to pots containing sterile 
vermiculite in Rauvolfia tetraphylla. In Clitoria ternatea, the survival of plantlets after 
transfer to vermicompost : soilrite (1:1) was 75% and ~ 85% (Barik et al. 2007). All the 
78% plantlets of Cunila galioides transferred to plastic chambers containing a sterilized 
mixture of sand and soil (1:1) showed a high homogeneity without obvious morphological 
evidences of somaclonal variation (Fracaro and Echiverrigaray, 2001). However, in 
Cassia angustifolia, the maximum survival of plantlets was observed in soilrite (Siddique 
and Anis, 2007 b and c). 
2.5. Synthetic Seeds 
Synthetic seed production is an applied technology which capitalizes on the capacity 
for rapid plant multiplication via somatic embryogenesis. In other words, somatic embryos 
formed in vitro are coated (encapsulated) in a gel containing nutrients and other additives 
and designated as synthetic or artificial seeds (Demarley, 1986; Redenbaugh et al. 1984). 
Numerous studies have been undertaken in this area of plant biotechnology since the 
concept of 'artificial seeds' was formulated by Murashige (1977). Less attention has been 
given to the possibility of encapsulating non-embryogenic in vitro derived vegetative 
propagules. Nonetheless, some authors have tried to encapsulate shoot tips or axillary 
buds of different species with promising results (Bapat and Rao, 1987; Mathur et al. 1989; 
16 
Ganapathi et al. 1992; Piccioni and Standard!, 1995; Danso and Ford-Lloyd, 2003; Singh 
et al. 2006 and Faisal and Anis, 2007). 
Synthetic seeds from aseptic axillary buds of mulberry variety S54 (Monts indica 
L.) when cultured on MS basal medium supplemented with BA (8.88 yM) and 2,3,5-tri-
iodobenzoic acid (2 JAM) produced shoots after 21 days exhibiting 48.2% in vitro 
conversion response (Kavyashree et al. 2006). Faisal and Anis (2007) encapsulated nodal 
segments of Tylophora indica in calcium alginate hydrogel. Encapsulated beads exhibited 
the best shoot development on MS medium containing 2.5 |J,M BA and 0.5 JAM N A A . 
Encapsulated nodal segments stored at 4 °C for 1-8 weeks also showed successful 
conversion followed by development into complete plantlets when returned to 
regeneration medium. 
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Met Hods 
CHAPTER-3 
MATERIALS AND METHODS 
3.1. Plant material and explant source 
The mature fruits of Clitoria ternatea L. were procured from superior genotypes 
maintained at the Botanical Garden of the Aligarh Muslim University, Aligarh. 
3.2. Surface sterilization 
The healthy seeds isolated manually from the pods were washed thoroughly first 
under running tap water for 30 min to remove adherent particles, then immersed in 5% 
(v/v) Labolene (Qualigens, India) for 20 min and washed thoroughly under running tap 
water again. The seeds were surface sterilized with freshly prepared 0.1% (w/v) mercuric 
chloride for 4-5 min followed by 5-6 washing with sterile double distilled water. 
3.3. Establishment of aseptic seedlings and preparation of explants 
The surface sterilized seeds of Clitoria ternatea were germinated aseptically on 
different strength (full, 1/2, 1/3 and 1/4) of Murashige and Skoog (1962) basal medium to 
raise aseptic seedlings. Cotyledonary node and nodal segments were used as explants for 
shoot bud induction and proliferation. 
3.4. Culture media 
A number of media have been devised for specific tissues and organs but the most 
notable one which served, as a basic medium for wide spectrum of plant tissues for 
morphogenetic studies is that of MS medium formulated by Murashige and Skoog (1962). 
In the present investigation, MS basal medium was used in all the experiments. 
The different constituents of MS medium with their concentration used are listed 
in Table 3. 
Table 3. Nutritional components of MS basal medium 
Components 
Macronutrients 
MgS04.7H20 
KH2PO4 
KNO3 
NH4NO3 
CaCl2.2H20 
Micronutrients 
H3BO3 
Amount (mg/1) 
370 
170 
1900 
1650 
440 
6.2 
MnS04.4H20 22.3 
ZnS04.7H20 8.6 
Na2Mo04.2H20 0.25 
CUSO4.5H2O 0.025 
C0CI2.6H2O 0.025 
KI 0.83 
FeS04.7H20 27.8 
Na2EDTA.2H20 37.3 
Organic Supplements 
Thiamine HCl 0.5 
Pyridoxine HCl 0.5 
Nicotinic acid 0.5 
Myo-inositol 100 
Others 
Glycine 2.0 
Sucrose (g) 30 
3.4.1. Preparation of stock solution 
The constituents of MS medium given in Table 3 were prepared in four stocks, 
consisting of MS I (20X cone), MS II (200X cone), MS III (lOOX cone.) and MS IV 
(lOOX cone.) except sucrose by dissolving the required amount in measured volume of 
double distilled water (Table 4). All stock solutions were made by dissolving the required 
amount in measured volume of double distilled water. The reasons for preparing different 
stock solutions are that certain kind of chemicals, when mixed together will precipitate 
and not remain in solution. To prepare I liter of medium, 50 ml of stock solution I, 5 ml of 
stock solution II and 10 ml each of stock solution III ?ind IV were taken. For each plant 
growth regulator, separate stock solution was prepared by dissolving it in a small quantity 
of appropriate solvent (IN NaOH or absolute alcohol) and then adjusted with double 
distilled water to the desired volume to make an overall concentration of 1 liter. The stock 
solutions were stored in refrigerator at 4 °C and regularly checked for visible 
contamination. The different concentration of growth regulators used in the present study 
was prepared from stock solutions by using the formula: 
S,V,= S2V2 
Where, 
Si = strength of stock solution 
V| = volume of stock solution required 
S2= strength of desired solution 
V2= volume of desired solution 
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Table 4. Stock solution for MS medium 
Constituents Amount (mg/1) 
Stock Solution I (20X) 
MgS047H20 
KH2PO4 
KNO3 
NH4NO3 
CaCb.lHzO 
Stock Solution II (200X) 
H3BO3 
MnS04.4H20 
ZnS04.7H20 
Na2Mo04.2H20 
CUSO4.5H2O 
C0CI2.6H2O 
Kl 
Stock solution III (lOOX) 
FeS04.7H20 
Na2EDTA.2H20 
Stock solution IV (lOOX) 
Thiamine HCi 
Pyridoxine HCI 
Nicotinic acid 
Myo-inositol 
Others 
Glycine 
7400 
3400 
38000 
33000 
8800 
1240 
4460 
1720 
50 
5 
5 
166 
2780 
3730 
50 
50 
50 
10000 
200 
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3.4.2. Growth regulators and carbon source 
Depending upon the experiment, MS medium was variously supplemented with 
plant growth regulators such as 6-benzyladenine (BA), 6-furfurylaminopurine (Kin), 2-
isopentenyladenine (2-iP), thidiazuron (TDZ), indole-3-acetic acid (lAA), indole-3-butyric 
acid (IBA) and a-naphthalene acetic acid (NAA) at different concentrations either singly 
or in various combinations as specified in the results. 3% (w/v) sucrose was used as a sole 
carbon source in all the experiments. 
3.4.3. Adjustment of pH and gelling agent 
Plant cells and tissues require an optimum pH for growth and development in 
cultures. Therefore, pH of the medium was adjusted to 5.8 by using IN NaOH or IN HCl 
using a pH meter (L613, Elico Pvt. Ltd., India), before adding the agar. Gelling or 
solidifying agents provide a support to tissues growing in static conditions. The medium 
was solidified with 0.8 % (w/v) agar by heating it in a microwave oven until a clear gel is 
formed. 20 ml nutrient media was then dispensed in 25 x 125 mm capacity of culture 
tubes (Borosil, India) and 50 ml in 100 ml capacity wide mouth Erlenmeyer flasks. The 
culture vessels containing the medium were plugged with non-absorbent cotton wrapped 
in single layer muslin cloth (cotton plugs). 
3.5. Sterilization of glasswares and instruments 
All the glass wares, instruments (wrapped in aluminium foil) and distilled water 
were sterilized by autoclaving at 1.06 kg cm"'^  for 20 min while, the culture tubes and 
flasks containing media were autoclaved at the same pressure for 15 min. Instruments 
such as forceps, scalpels, made up of stainless steel were further sterilized during use by 
dipping them in 95% (v/v) alcohol, followed by flaming on a spirit lamp in the laminar 
airflow hood, and cooling before each inoculation. 
3.6. Sterilization of laminar airflow cabinet 
Laminar airflow hood (NSW, Delhi) was sterilized by switching on ultraviolet 
(UV) light for 30 min. followed by wiping the working surface area with 70% (v/v) 
ethanol before starting any operation inside the cabinet. 
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3.". Inoculation and incubation 
Inocuiaiions were performed under aseptic conditions of laminar airflow hood. 
Before staning the inoculation process, the hands were washed with 70% (v/v) ethyl 
alcohol. 
All the cultures were maintained at 24 ± 2 °C in a culture room under a 16-h 
photoperiod with a photosynthetic photon flux density (PPFD) of 50 nmol m"^  s ' provided 
by cool white fluorescent lamps (40W, Philips, India). 
3.8. Sub-culturing 
Explants were subcultured to MS media supplemented with BA, Kin, 2-iP and 
TDZ or in combination with different auxins such as lAA, IBA and NAA after every 2 
weeks. 
3.9. Rooting 
Rooting was attempted in vitro and ex vitro. In vitro rooting was performed on 
MS, 1/2 MS, 1/3 MS and 1/4 MS medium supplemented with different concentrations of 
lAA, IBA and NAA (0.5, 1.0, 1.5 and 2.0 nM). For ex vitro rooting, the cut ends of the 
healthy microshoots were dipped in different concentrations of IBA (100, 150, 200, 250 
and 300 |iM) for 30 min. Plantlets were transferred to pots containing sterile soilrite or 
vermiculite and transferred to the greenhouse. Data on percentage of rooting and mean 
number of roots per shoot were recorded 4 weeks after transplantation. 
3.10. Hardening and acclimatization 
Plantlets with well developed shoots and roots were removed from culture 
medium, washed gently under running tap water and transferred to plastic pots containing 
autoclaved soilrite (Keltech Energies Ltd., Bangalore) under diffuse light (16/8h 
photoperiod) conditions. Potted plantlets were covered with polythene bags to ensure high 
humidity and watered every 2 days with half strength MS salt solution for 2 weeks. The 
bags were opened after 2 weeks in order to acclimatize plants to culture conditions. After 
4 weeks, acclimatized plants were transferred to pots containing normal soil and 
maintained in greenhouse under normal day length conditions. 
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3.11. Synthetic Seed Production 
3.11.1. Plant material and explants source 
Noda! segments {2 mm long) dissected aseptically from in vitro established (5 
weeks old) cultures of C. ternatea were used as explants for encapsulation. 
3.11.2. Encapsulation matrix 
For encapsulation, 2, 3, 4 and 5 % (w/v) sodium alginate (Qualigens, India) 
solution was prepared in double distilled water. CaCl2.2H20 was also prepared at 25, 50, 
75, 100 and 200 mM in distilled water. Both, the gel matrix and the complexing agent 
were autoclaved at 1.06 kg cm"^  for 20 min after adjusting the pH to 5.8. 
3.11.3. Encapsulation 
Encapsulation was accomplished by mixing the single nodal segments from in 
vitro regenerated shoots into the sodium alginate solution and dropping them into the 
calcium chloride solution. The droplets containing the explants were held for at least 30 
min to achieve polymerization of the sodium alginate. The alginate beads were recovered 
by decanting the CaOzlHzO and washing 3 times with sterile liquid MS basal medium 
supplemented with 3% (w/v) sucrose and transferred to sterile filter paper in petridishes 
for 5 min under the laminar airflow hood to eliminate the excess water. 
3.11.4. Planting media and culture conditions 
For conversion into plantlets under in vitro conditions, encapsulated nodal 
segments were placed on petridishes containing MS, Vi MS and half strength MS medium 
supplemented with different concentrations of BA (0.5, 2.5, 5.0 and 7.5 \sM) in 
combination with ISA (0.5 |iM). 
The culture medium was gelled with 0.8% (w/v) agar and pH was adjusted to 5.8 
prior to autociaving at 121°C for 20 min. All the cultures were maintained at 24 ± 2 °C 
under 16h photoperiod with photosynthetic photon flux density of 50 nmol m'^ s"' provided 
by cool white fluorescent lamps. 
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3.11.5. Low temperature storage 
A set of encapsuiaied nodai segments were transferred to petridishes containing water and 
agar medium and stored in refrigerator at 4 °C. Seven different low temperature exposure 
times (0, 1. 2. 3. 4. 5 and 6 weeks) were evaluated for regeneration. After each storage 
period encapsulated nodal segments were cultured on half strength MS media 
supplemented with plant growth regulators (BA and IBA) for conversion into plantlets. 
The percentage of encapsulation of nodal segments forming shoots and roots were 
recorded after 8 weeks of culture to regeneration medium. The plantlets developed from 
encapsulated nodal segments were hardened off and acclimatized into field conditions. 
3.12. Chemical and glasswares 
Plant growth regulators like BA, Kin, TDZ, 2-iP, lAA, IBA and NAA and gelrite 
were obtained from Sigma-Aldrich (St. Louis, USA). Macro and micro salts, agar, 
sucrose, sodium alginate and mercuric chloride were purchased from Qualigens, Merck; 
India. 
Glasswares, such as test tube (25 mm x 150 mm), petridishes (17 mm x 100 mm), 
and wide mouth Erlenmeyer flasks (100 ml and 250 ml) were purchased from Borosil, 
India. 
3.13. Statistical analysis 
All the experiments had ten replicates per treatment and each experiment was 
repeated thrice. The effect of different treatments was quantified and data was analyzed 
statistically using SPSS ver.l2 (SPSS Inc., Chicago, USA). The significance of 
differences among means were carried out using Duncan's multiple range test at P = 0.05. 
The results are expressed as the means ± SE of three experiments. , *, . 
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CHAPTER-4 
RESULTS 
4.1. Establishment of aseptic seedlings 
The surface sterilized seeds were inoculated on different strength (full, 1/2, 1/3 and 
1/4) of MS medium for germination. The maximum percent (86.4 %) of germination was 
recorded on half strength MS medium after 1 week of culture (data not shown). 
4.2. Direct shoot regeneration in cotyledonary node (CN) explants 
4.2.1. Effect of cytokinins 
Regeneration potential of cotyledonary node (CN) explants were explored on MS 
medium supplemented with different concentrations of BA, Kin and 2-iP (0.5, 1.0, 2.5, 5.0 
and 7.5 i^ M). CN explants remain green and fresh but failed to develop multiple shoots in 
growth regulator free MS medium (control) even when the cultures were maintained 
beyond 4 weeks of incubation. All cytokinins (BA, Kin and 2-iP) facilitated axillary bud 
initiation after 2 weeks of incubation (Table 5). 
BA was found more efficient than Kin and 2-iP in respect to the initiation and 
subsequent proliferation of shoots). Among the various concentrations of BA tested, the 
highest shoot regeneration frequency (85.2 ± 1.58%) was observed on MS medium 
supplemented with 2.5 nM BA, which also induced the highest mean number (9.8 ± 0.86) 
of shoots (Fig. la, b and c) with maximum shoot length (11.0 ± 0.45 cm). For further 
proliferation of shoots, these cultures were subcultured onto the same medium at every 2 
weeks (Fig. Id). Kin and 2-iP were less effective at 2.5 ^M, as they induced 8.6 ± 0.40 
and 6.4 ± 0.24 shoots per explant respectively (Fig. 2a and b). 
A comparison of the relative effectiveness of different cytokinins for muhiple 
shoot formation revealed the order of effectiveness BA > Kin > 2-iP. The regeneration 
frequencies and number of shoots declined with the increase in concentration of each 
cytokinin beyond the optimal level (Table 5). 
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Explanation of Figure 1 (a-d) 
a, b & c. Multiple shoot induction and proliferation from cotyledonary node 
explant on MS + BA (2.5 i^M) after 2 weeks of culture. 
d. Growth and elongation of shoots on MS + BA (2.5 )aM) after 4 weeks of 
culture. 

Explanation of Figure 2 (a-b) 
a. Direct multiple shoot regeneration from cotyledonary node on MS + Kin (2.5 
fiM) after 4 yveeks of culture. 
b. Multiple sh0ots induced on MS + 2-iP (2.5 \iM) after 4 weeks of culture. 

4.2.2. Effect of combinations of auxin and cjtokinin 
The combined effect of BA. Kin and 2-iP with different auxins (lAA, IBA and 
NAA) was evaluated on multiple shoot induction and the morphogenetic responses have 
been summarized in table 6, 7 and 8. BA with NAA was found to be the most effective 
combination for multiple shoot regeneration. The maximum number (13.2 ± 0.31) of 
shoots per explant and shoot length (12.5 ±0.15 cm) were obtained in 88.0 ± 2.23% 
cultures at 2.5 \iM BA with 1.0 nM NAA after 8 weeks of culture (Fig. 3a). This was 
considered as the optimal growth regulator combination for shoot proliferation among all 
combinations tested (Table 6). Among the various concentrations of lAA with optimal 
concentration of BA tested, the highest frequency of shoot regeneration (85.0 ± 1.81) was 
recorded on MS medium containing BA (2.5 |iM) and lAA (1.0 ^M). On this medium, 
10.6 ± 0.50 shoots were proliferated which attained an average height of 5.3 ± 0.24 cm 
after 8 weeks of culture (Table 7) (Fig. 3b). However, a lesser number of shoots was 
recorded on BA (2.5 ^M) + IBA (1.0 nM) (Fig.3c). 
4.2.3. Effect of TDZ 
The CN explants placed on MS medium lacking TDZ did not show any 
morphogenetic response and failed to produce shoots. Different concentrations of TDZ 
influenced the frequency of shoot bud formation and the number of shoot buds. The 
highest shoot regeneration frequency (49.6 ± 3.69%) with maximum number of shoots 
(5.2 ± 0.37) was observed in MS medium augmented with 0.1 ^M TDZ (Table 9) (Fig. 4a, 
b). 
In the present investigation, when the CN explants were cultured in medium 
containing TDZ for more than 4 weeks, it resulted in abnormal shoot development with 
fasciation and distortion of regenerated shoot buds. The problem of shoot elongation was 
overcome by transfer of shoot clusters to secondary medium lacking TDZ where the 
multiple shoots elongated after every subculture passage (Fig. 4c and d). The highest 
number of shoots per explant (8.5 ± 0.94) and shoot length (8.9± 0.38 cm) were recorded 
during the first four culture passages, got stabilized at fifth passage and then it declined in 
subsequent passages (Fig. 5). 
28 
6 
o 
00 
• * - ' 
C 
X 
u 
U 
E 
E 
E 
on 
c 
o 
o 
o 
c 
o 
< 
C/) 
C 
C 
^ 
o 
• « - » 
>. o 
I + -
o 
c 
o 
C3 
L> 
•4-» 
C 
o 
c 
o 
o 
"rt 
_E 
'•4-» 
a, 
o 
o 
••-» 
t> 
^ 
« U 
vd 
_« 
3 a H 
(U 
3 
"3 
O 
o 
w 
^ 
u 
u 
^ 
00 
u. 
u 
t« Q 
5 
^ 
e 
§ E 
u 
2 = 
S ^ 
3 
e 
B 
B 
O 
B 
lU 
ex) 
PS 
O 
"s 
Ml 
a> 
•A ^ 1 ^ 
O u 
o 
B 
a 
(N 
i^ 
d 
-H 
o -H 
00 
o 
d 
-H 
— as 
o 
d 
-H 
o 
d 
-H 
o 
00 
•a 
O 
d 
-H 
o 
d 
-H 
iri 
d 
-H 
o 
d 
-H 
d 
-fl 
00 
d 
SI 
en r-
m 
o 
-H 
00 
rn d 
^ ^ vo 
O 
-H 
d 
-H 
OS 
O 
-H 
d 
00 
(N 
<N 
-H 
o 
00 
00 
»n o 
d -^  
ON 
00 
d 
o 
00 
o 
d 
-H 
(N 
00 
ON 
-H 
00 
00 
iri o 
d —^  
d 
+1 
00 
d 
-H 
r-
d 
-H 
(N 
00 
.00 
"o 
d 
-H 
i n 
o 
i n 
d 
-H 
ON 
o 
' O 
i n d 
-H 
'^ 
i n 
o 
i n 
d 
-H 
o6 
r--
m o 
d ^ 
o 
d 
-H 
o 
i n 
r-
o 
in 
(N 
in 
CN 
in 
(N 
in 
(N 
in 
cs 
in 
fN 
m 
CN 
i n 
(N 
i n 
r i 
^ ^ 
v> 1) 
C M 
CO C 
E *-
1/1 •— U 3 
cii E 
^ c 
CO 3 
> Q 
CiO 
'35 
3 
m 
o 
c 
l-i 
C 
ca 
u 
I S 
'S 
o 
c 
u 
l-l 
a 
c 
E 
_3 
"o 
O 
2 
u 
X ! 
U 
c 
C3 
U 
29 
C M 
O 
• * - » 
c 
X 
<u 
Z 
U 
B 
o 
C+-I 
T3 
U 
E 
GO 
s 
c 
o 
o 
n, 
• * - > 
o 
o J2 
CO 
C 
O 
< 
< 
(/3 
n 
c 
^ 
o 
^ 
o 
<+H 
o 
c 
_o 
*-^> C3 
c 
u o 
c 
o 
u 
"3 
.E 
U-i 
o 
•4^ 
U 
t-^  
u 
£i 
a H 
3 
-4-» 
3 o t t -
o 
4> (U 
^ 
00 
u ii *! 
eS 
Q 
^ 
«3 
^ 
ex 
a 
I 
li 
s i 
e 
« 
v 
B 
OH 
I . 
o 
,2 
"3 
DC 
Pi 
o 
o 
• • - I 
B 
es 
(N 
.£> 
O 
-H 
(N 
T f 
O 
-H 
(N 
i n 
u 
CO 
O 
-H 
\JD 
CO 
o 
o 
-H 
Os 
r i 
m 
o 
o 
-H 
— 
T f 
•a 
O 
-H 
fN 
rn 
CO O 
o 
-H 
0 0 
(N 
o 
o 
o 
-H 
t-; 
rn 
u 
OS 
O 
-« 
0 0 
<N 
3 
vn 
p 
o 
II 
OH 
c 
• * o 
o o 
-H -H 
^ d 
0 0 ^ 
CO 
d 
p 
00 
d 
-H 
en 
d 
-H 
p 
0 0 
CO 
d 
-H 
00 
iri 
T3 
•<+ 
fN 
d 
CO 
d 
p 
co 
d 
-H 
vo 00 
d — > • 
-H -H 
oo o 
0 0 
1/-1 p 
d —^  
p 
ON 
d 
-H 
vo 
(N 
O 
d 
-H 
so 
>n o 
d ^ 
o 
d 
-H 
ON 
SO 
p 
CO 
I > 
CO 
d 
-H 
oo 
0 \ 
VO 
so 
O 
d 
-H 
oo 
CO 
d 
-H 
<N 
rsi 
d —^  
so 
p 
>ri 
(N 
u-i 
(N 
<n 
(N 
"1 
(N 
u-> 
(N 
uo 
fN 
in in 1/-1 
rj (N (N 
c 
u s 
w . 
"^ -K 
^^  i i 
CO lU 
c ao 
ca n D CO 
E •" 
C . & U Vil! 
C/1 - ^ (U 3 
D. E 
U CO 
rt 3 
> Q 
-o 
c 
o 
1 
o 
c 
CO 
CO 
c 
E 
_3 
"o o 
_c 
IS 
tJ 
E 
CO 
CO 
<u 
T3 
O 
30 
Q 
• • » • 3< 
o 
o 
(/3 
c 
z u £ 
o 
<b 
B 
_ 3 
_c 
c 
o 
• ^ 
"o l-l 
• 4 - * 
o o j n 
CO 
C 
o 
< 
m 
• * - • 
CO 
.S 
'c 
o 
c+^ 
o , . 
^ <u C ; -
O 3 
• — -4-» 
-*—< -^^  cd 3 
c^  o 
O , -
R <u o u 
« ^ 
S oo 
O (3 
O T2 
5 S 
'*-' C 
W S^  " " • * »
0 0 
0) 
ID 
R 
H 
j i 
' •- ' 
M) 
C 
_« 
§ E 
s 
CA 
o 
o 
JS 
Vi 
s^ *-2 « 
s >< 
3 
B 
B 
53 
U S 
B 
_o 
'•C 
es 
B 
OX) 
^ 
CO 
O 
"a DC 
9> 
^ c r 
o u 
o 
- ^ d 
B 
^ 
oi 
< 
s 
O H 
CM 
c 
5 
< 
CQ 
XI 
oo 
O 
o 41 
r~-
ro 
£> 
O 
O 
41 
( N 
t~-^ 
x< 
VO 
O 
CN 
41 
• * 
VO 
vo 
i n 
o 
m 
( N 
« 
o 
41 
m 
• * • 
n 
f—* 
O 
41 
o 
O N 
n 
*—1 
O 
—i 
41 
r-1 
>ri 
t - -
o 
—' 
u-i 
( N 
u 
m 
O 
O 
41 
o 
c<S 
u 
r~-
O 
41 
( N 
vd 
T3 
Ji 
f ^ 
' O 
f S 
41 
oo 
l O 
VO 
o 
( N 
U-J 
( N 
>ri 
o 
41 
t ^ 
r4 
u 
• o 
f -
o 
41 
0 0 
^^  
-.^  4> 
•o 1—t 
m 
o 
41 
o 
^ VO 
i n 
o 
m 
( N 
XI 
i n 
o 
o 
41 
t-~-
CO 
•o 
O 
o 
41 
VO 
r i 
X 
I - ^ 
a\ 
r i 
41 
o 
o\ 
VO 
o 
^' 
<n 
( N 
I 
r-
o 
41 
>n 
CN 
1 
•T3 
O 
o 
41 
VO 
1 
u 
•o 
t-~ 
m 
o 
41 
0 0 
fs 
VO 
i 
o 
r j 
>n 
f N 
u 
r~ o 
o 
41 
( N 
r4 
u 
• * 
O 
41 
• ^ 
^^  
^ 
r-
ro 
O 
41 
<N 
0 0 
i n 
m 
o 
m 
( N 
u 
cn o 
o 
41 
o 
CO 
u 
I—1 
CJ 
41 
O 
( N 
r-
m 
o 
41 
0 0 
o 
VO 
o 
'-' 
m 
CN 
•.,_ ON 
o 
41 
r~; 
u 
O 
O 
o 
41 
o 
"^ 
.^^ ON 
tr\ 
—; 
41 
0 0 
r-^  
i n 
o 
( N 
m 
( N 
6fi 
_C 
'3 
C/l 
-^^  >n 
o 
o 
II 
( X 
-4-» 
n 
tt-H 
'•S 
^ 
4 - t 
o 
W 
'S 
.SP 
'co 
O 
C 
a> § 
CO 
C 
£ 
_3 
"o 
c IS 
• ^ 
0 ) 
E 
CO 
H) 
Xi 
-a 
u 
_o 
"o C M 
CO 
C 
w c/n -I-: 
CO 
41 B 
CO (U 
C 0 0 
c3 c 
S 3 
S.S 
1 ) CO 
2. c 
ca 3 
> Q 
31 
(/) 
U 
o 
c 
a, 
<u 
•a 
o 
c 
n 
o 
X I 
o o 
E 
o 
c 
o 
o 3 
•a 
c 
o 
o 
£ 5 
C 3 
O U 
N o 
Q t« 
' ^ 0) 
° ^ 
to S 
• ^ CO 
H 
e 
o 
o 
xi 
C 
o 
o 
O 
s 
9 G 
a 
a 
0) 
s 
_o 
«8 
a> 
s 
exi 
a 
Pi 
s 
H 
X I 
0 0 
o 
O 
-« 
T f 
rn 
• * 
CN 
o 
-H 
>o 
r i 
u X3 
CO 
O 
CO 
-H 
( N 
C~^  
m 
o 
o 
a 
m f N 
o 
-H 
0 0 
uS 
M 
r-r<-i 
O 
M 
( N 
>ri 
C9 
ON 
vq 
rn 
-H 
^ 
ON 
• * 
— 
o 
X ) 
1 - ^ 
CN 
O 
-H 
t--_ 
c<S 
Si 
0 0 
u-i 
o 
-H 
CN 
CO 
. £ : 
« ON 
rn 
uS 
-H 
Ti-
cs 
• * 
•n 
o 
o 
*o 
m 
o 
-H 
ON 
r j 
T3 
r>-
m 
o 
-H 
0 0 
'-^ 
T3 
U 
^ CN 
O 
-W 
oo 
d> CO 
o 
^^ 
1 3 
m 
—^" 
o 
-H 
r-; 
TD 
r t 
CN 
o 
M 
^ 
-^ 
• o 
CN 
CN 
^ 
•H 
o 
r f 
CN 
( D 
CN 
.4.>t 
C 
' S^ 1-t 
^ 
2^ 
§ o 
I 
*-> 
o 
c 
C 
E 
3 
"o 
u 
' .S 2 
_-4-J 
' ^ 
4) 
s 
CO 
c« 
u 
o 
s 
C/1 
1 ^ Vi 
-H i-
on « 
^ E 
5^  c 
« CO 
2i 3 v> Q 
i n 
o 
32 
Explanation of Figure 3 (a-c) 
a. Proliferatiori of shoots regenerated from CN explant on MS + BA (2.5 |JM) + 
NAA (1.0 \i}A) after 8 weeks of culture. 
b. Shoot ampUfication and elongation on MS + BA (2.5 fxM) + lAA (1.0 ^M) 
after 8 week^ of culture. 
c. Shoot regenbration and multiplication on MS + BA (2.5 ^M) + IB A (1.0 nM) 
after 8 weekg of culture. 

Explanation of Figure 4 (a-d) 
a. Culture showii^g shoot bud emergence from CN explants of C. ternatea on MS 
+ TDZ (0.1 ^M) after 2 weeks. 
b. Ibid after 4 weeks. 
c. Growth and shoot multiplication on MS medium devoid of TDZ at second 
subculture passage. 
d. Ibid at fourth subculture passage. 

10 
5 0 
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• Mean shod length 
C 
be j L 
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| t t 2«i 3™ 4"' 5" 
Subculture passage 
Fig. 5: Effect of subculture passage on shoot multiplication and elongation 
from CN explants of C.tematea obtained from TDZ (0.1 ^ M) after being tested 
for five subculture passages on TOZ free MS medium. Bars represents the 
means + S.E. 
4.3. Direct shoot regeneration in nodal explants 
4.3.1. Effect of cytokinins 
The morphogenetic responses of nodal explants to various cytokinins (BA, Kin 
and 2-iP) were evaluated (Table 10). When nodal segments were cultured on MS medium 
supplemented with different cytokinins viz., BA, Kin and 2-iP at varying concentrations 
(0.5, 1.0, 2.5, 5.0 and 7.5 i^M), a differential response with regard to shoot induction was 
observed. Multiple shoot buds were induced within 2-3 weeks of culture and the 
maximum regeneration frequency (65.8 ± 1.31%) was observed on MS medium 
supplemented with 5.0 |iM BA, which also induced the greatest number (8.0 ± 0.44) of 
shoots with maximum shoot length (9.8 ± 0.11 cm), after 4 weeks of culture (Fig. 6a and 
b). For further multiplication of shoots, these cultures were subcultured onto the same 
medium at every 2 weeks (Fig. 6c and d) 
MS medium supplemented with 0.5 ^M Kin induced 1.8 ± 0.37 shoots per explant 
within 4 weeks. On increasing its concentration upto 5.0 [iM, the number of shoots per 
explant increased significantly (P= 0.05) and produced about 5.0 ± 0.31 shoots in 63.4 ± 
1.42% cultures. At the same concentration, 2-iP produced 3.4 ± 0.50 shoots in 50.0 ± 
2.01% cultures. Further increase in concentration did not improve any parameters and 
suppressed regeneration frequency, number of shoots and shoot length. 
4.3.2. Effect of combinations of auxin and cytokinin 
The synergistic influence of auxins (lAA, IBA and NAA) with optimal 
concentration of cytokinins (BA, Kin and 2-iP) was also evaluated (Table 11, 12, 13). Of 
the different treatments tried, 5.0 |iM BA in combination with 1.0 i^M NAA gave 
optimum result where 86.8 ± 1.93% cultures responded with a mean number of 12.2 ± 
0.37 shoots per explant (Fig. 7a). On increasing the concentration of NAA upto 2.0 nM, 
there was a gradual decrease in regeneration frequency (77.6 ± 0.50) and number of shoots 
(9.4 ± 0.50) per explant. 
However, presence of lAA or IBA (0.5-2.0 |iM) with BA (5.0 ^M) supplemented 
medium was less effective than NAA for shoot multiplication. A maximum number (9.4 ± 
0.50) and (7.0 ± 0.54) of shoots per explant were observed at 1.0 |iM lAA and IBA 
respectively (Table 12 and 13) (Fig. 7b and c). 
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Explanation of Figure 6 (a-c) 
a. Multiple shoot induction from nodal segment on MS + BA (5.0 |aM) after 4 
weeks of cult^ire. 
b. Cultures shoeing growth of regenerated shoots. 
c. &. d. Elongation and proliferation of shoots on MS + BA (5.0 |iM) after 8 
weeks of culture. 

Explanation of Figure 7 (a-c) 
a. Shoot multiplication from nodal explant of C. ternatea on MS medium 
augmented with BA (5.0 fiM) and NAA (1.0 |iM) after 8 weeks of culture. 
b. Shoot proliferation and elongation on MS + BA (5.0 ^M) + lAA (1.0 ^M) after 
8 weeks of culture. 
c. Direct shoot regeneration on MS + BA (5.0 nM) +. IBA (1.0 |^M) after 8 weeks 
of culture. 
A 
d 
4.3.3. Effect of TDZ 
Experiment was also conducted to see the effect of different concentrations of 
TDZ (0.05, 0.1, 0.5, 1.0 and 2.5 nM) on morphogenesis (Table 14). Different 
concentration of TDZ influenced the frequency of shoot bud formation and the number of 
shoot buds. Of the various concentrations of TDZ tested, 1.0 |iM was the most effective in 
inducing highest percentage (45.8 ± 4.14%) with maximum number of shoots (3.6 ± 0.24) 
and shoot length (5.0 ±0.10) after 4 weeks of culture (Fig. 8a and b). 
After an induction period of 4 weeks, the shoot multiplication rate was increased 
when each responsive explant was transferred to TDZ'free MS basal medium. However, 
the cultures grown continuously on TDZ containing media formed fasciated and distorted 
shoots. The number of shoots and shoot length increased after every subculturing (Fig. 8c 
and d) and showed no sign of decline upto fifth subculture passage. The highest shoot 
multiplication (7.6 ± 0.58) and shoot length (8.0 ± 0.31cm) were recorded at fifth passage 
(Fig.9). 
4.4. Rooting 
4.4.1. In vitro rooting 
For in vitro rooting, 4-5 long healthy microshoots were transferred to MS, V2, 1/3 
and % MS medium. Among different strength of MS basal medium tested, half strength 
MS basal medium was found superior in the inductipn of root formation. The in vitro 
regenerated shoots were then transferred to V2 MS medium supplemented with lAA, IBA 
and NAA at different concentrations (0.5, 1.0, 1.5 and 2.0 ^M) for rooting (Table 15). 
Among the three auxins tested, root formation was most effective in IBA supplemented 
medium. The maximum frequency (88.4 ± 1.20%) of root formafion and the number (5.2 
± 0.37) of roots with root length (7.9 ± 0.59 cm) was achieved on V2 MS medium 
containing 1.0 i^M IBA (Fig. 10 a and b).. Higher concentrations of auxins inhibited 
rooting as it induced callusing at the proximal end of regenerated shoots. 
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Explanation of Figure 8 (a-rd) 
a. Culture showing shoot formation from nodal explants of C. ternatea on MS + 
TDZ (1.0 \i}A) after 2 weeks of culture. 
b. Multiple shoots induced on MS + TDZ (1.0 nM) after 4 weeks of culture. 
c. Shoot multiplication and elongation at second subculture passage on MS 
medium de\loid of TDZ 
d. Ibid at fourth subculture passage. 

»' 
1-
1. 
I' 
•S2 
i 
•Mean no. of shoots 
•Mean shoot length 
C 
a t 
r 
b 
J 
r 4 -
i i 
1 f 
1-
Subculture Passage 
Fig. 9: Effect of subculture passage on shoot multiplication and elongation 
from nodal explants of C.tematea obtained from TDZ (I.O^M) after being tested 
for five subculture passages on TDZ free MS medium. Bars represents the 
means * S.E. 
Explanation of Figure 10 (a-c) 
a. & b. In v/Yro rooted plantlet of C ternatea on V2 MS + IBA (1.0 |J.M). 
c. Ex vitro rooting in microshoots of C. ternatea dipped in IBA (200 fiM) for 
halfanhpur. 

4.4.2. Ex vitro rooting 
Individual in vitro raised microshoots were excised from clusters and their basal 
portions were dipped in different concentrations of IBA (100, 150, 200, 250 and 300 i^M) 
for half an hour. They were then transferred to plastic pots containing sterile soilrite 
(Tablel6). Among all the concentrations of IBA tested, 200 \iM was found to be the best 
for ex vitro rooting as it induced 6.2 ± 0.37 roots in about 83.6 ± 1.53% of shoots with 4.6 
± 0.17 cm root length after 4 weeks of transplantation (Fig. 10c). 
4.5. Acclimatization 
In vitro and ex vitro rooted plantlets with 4-5 fully expanded leaves and well 
developed roots were successfully hardened off inside the cuhure room in a selected 
planting substrate (soilrite) for 4 weeks and eventually established in natural soil. The 
percent survival of in vitro raised plants was 95% in soilrite, however more than 85% 
plarttlets survived following their transfer from soilrite to garden soil (Fig. 11a). There 
were no detectable variations among the potted plants with respect to morphology and 
growth characteristics, following their transfer from soilrite to natural soil (Fig.l lb and c). 
4.6. Synthetic Seed 
4.6.1. Effect of Encapsulation Matrix 
The bead formation was influenced by different concentrations and combination of 
sodium alginate (2, 3, 4 and 5%) and calcium chloride (25, 50, 75, 100 and 200 mM). A 
3% solution of sodium alginate, upon complexion with 100 mM calcium chloride 
produced firm, clear, uniform beads within an ion exchange duration of 30 min. Higher 
concentration of sodium alginate (4 and 5%) and calcium chloride (200 mM) were not 
suitable because the resulting beads were hard enough to cause considerable delay in 
germination and using lower concentration of sodium alginate (2%) was too fragile to 
handle. 
4.6.2. Plantlet regeneration from alginate encapsulated nodal segment 
Nodal segments encapsulated in 3% sodium alginate and 100 mM calcium 
chloride exhibited shoot re-growth after 2- 3 weeks of culture on MS, Vz MS and half 
strength MS medium supplemented with different concentrations of BA (0.5, 2.5, 5.0 and 
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Explanation of Figure 11 (a-c) 
a. Hardened plantlets of C. ternatea in growth chamber after 6 weeks. 
b. AccHmatized plants in greenhouse after 8 weeks. 
c. 9 months old tissue culture raised plants after transfer to field. 
•j^-wjwjwffc.vjT'imi^Fig-
7.5) and IBA (0.5|iM) (Fig. 12a and b). Half strength MS medium supplemented with BA 
(5.0 |aM) and IBA (0.5 \xM) gave the maximum frequency (81.0 ± 1.22%) of conversion 
of encapsulated nodal segments into plantlets with mean number (7.5 ± 0.15) of shoots 
after 8 weeks of culture (Table 17) (Fig. 12c and d). 
4.6.3. Effect of different storage duration 
Storage time (0, 1, 2, 3, 4, 5 and 6 weeks) was also found to influence the 
regeneration frequency of encapsulated nodal segments at 4 °C. The synthetic seeds stored 
at 4 °C for a period of 4 weeks resulted in maximum conversion frequency (93.6 ± 1.46 
%) with an induction of 11.4 ± 0.22 after 8 weeks of culture under in vitro conditions on 
half strength MS medium supplemented with BA (5.0 |j,M) and IBA (1.0 |iM). However, 
the development of plantlets by encapsulated nodal segments decreased as the period of 
storage increased beyond 4 weeks (Table 18). 
4.6.4. Establishment of plantlets in soil 
Plantlets with well developed shoots and roots retrieved from encapsulated nodal 
segments were transferred to plastic pots containing sterile soilrite and covered with 
polythene bags. After 4 weeks they were transferred to pots containing normal garden soil 
and maintained in green house (Fig. 12e and f). 
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Explanation of Figure (12 a-f) 
a. Shoot emergence from encapsulated nodal segments on V2MS + BA (5.0 nM) + 
IB A (1.0 nM). 
b. Ibid. 
c. & d. Shoot multiDlication in culture obtained from synseed of C. ternatea after 8 
weeks. 
e. Hardened plantlet in growth chamber. 
f. Acclimatizea plant of C. ternatea derived from synseed. 

Discussion 
CHAPTERS 
DISCUSSION 
5.1. Direct Shoot Regeneration 
Micropropagation of Clitoria ternatea has been achieved through rapid 
proliferation of CN and nodal segments. The explants failed to respond 
morphogenetically to a growth regulator free MS medium. However, by the tissue 
culture, the rate of shoot multiplication was enhanced multifold when they were grown 
on culture medium supplemented with cytokinin or cytokinin and auxin combinations. 
All cytokinins (BA, Kin and 2-iP) facilitated axillary bud initiation. Number of newly 
formed buds depends on the concentration zind type of cytokinins used. In the present 
study, BA was proved to be the most effective than other cytokinins. The maximum 
shoot bud induction from CN and nodal explant was obtained on MS medium 
supplemented with BA at a concentration of 2.5 |iM and 5.0 |J,M, respectively. The 
stimulating effect of BA on multiple shoot formation has been reported earlier for 
several medicinal and aromatic plant species viz., Withania somnifera (Sen and 
Sharma, 1991a), Cunila galioides (Fracaro and Echiverrigaray, 2001), Bacopa 
monniera (Tiwari et al. 2001), Tylophora indica (Faisal and Anis, 2003) and Mucuna 
pruriens (Faisal et al. 2006 a and b). The regeneration frequencies and number of 
shoots declined with the increase in concentration of each cytokinin beyond the 
optimal level. Reduction in shoot number at concentrations higher than optimal level 
has also been reported for several medicinal plants (Reddy et al. 1998; Sahoo and 
Chand, 1998; Faisal and Anis, 2002; Joshi and Dhar, 2003; Faisal et al. 2006a and b). 
Combined effect of auxin and cytokinin was also evaluated on multiple shoot 
induction. The lower concentration of auxin with higher concentration of cytokinin 
was promising for induction and multiplication of shoots. Both regeneration frequency 
and average number of shoots produced per explants ,was enhanced significantly when 
compared with cytokinin only. BA with NAA was found to be more effective 
combination for shoot regeneration and multiplication, in both the explants. Among the 
various combinations of BA and N.A-A., ihe highest shoot regeneration frequency was 
recorded at 2.5 i^M BA in combination with 1.0 |aM NAA in CN and 5.0 [iM BA in 
combination with 1.0 |xM N.AA in nodal explants. 
The synergistic effect of auxin and cytokinip has also been demonstrated in 
Tylophora indica (Sharma and Chandel, 1992); Gentiana kurroo (Sharma et al. 1993); 
Gymnema sylvestre (Reddy et al. 1998); Psoralea corylifolia (Faisal and Anis, 2005); 
Eclipta alba (Husain and Anis, 2006 a); and Mucuna pruriens (Faisal et al. 2006a and 
b). This is in contrast to reports of Pattnaik and Debata (1996) in Hemidesmus indicus 
where Kin and NAA combination was most effective for shoot proliferation. However, 
in Cassia angustifolia (Siddique and Anis, 2007d) and Holostemma ada-kodien 
(Martin, 2002), the best combination among various auxins and cytokinins was 
observed on a medium containing TDZ + lAA and BA + lAA respectively. 
Thidiazuron (N-phenyl-1, 2, 3-thidiazol-5 ylurea), a substituted phenyl urea is 
a potent bio-regulant for in vitro morphogenesis. Its mode of action may be attributed 
to its ability to induce cytokinin accumulation (Victor et al. 1999) or to enhance the 
accumulation and translocation of auxin (Murch and Saxena, 2001). 
In the present study, CN and nodal segments of Clitoria ternatea were cultured 
on different concentrations of TDZ. The maximum regeneration frequency (49.6 ± 
3.69) was achieved from CN explants cultured on MS medium supplemented with 0.1 
|iM TDZ. However, 1.0 \xM TDZ proved to be effective as optimum for inducing 
maximum percentage regeneration, number of shoots and shoot length in nodal 
explants. TDZ has also been found to induce high rates of regeneration and axillary 
shoot proliferation in several plant species (Fiola et al. 1990; Huetteman and Preece, 
1993; Kanyand et al. 1994; Tiwari et al. 2001; Mithila et al. 2001; Cocu et al. 2004; 
Faisal et al. 2005; Onofrio and Morini, 2005; Siddique and Anis, 2006a and b). The 
regeneration frequencies and number of shoots declined wdth an increase or decrease in 
TDZ concentration beyond the optimal level. The continued exposure of TDZ to CN 
and nodal explants resulted in the formation of fasciated or distorted shoots, which 
leads to the death of primary shoot buds. The deleterious effect of continued presence 
of TDZ has also been reported on the growth and multiplication of Adhatoda beddomei 
(Sudha and Seeni, 1994); Cicer arietinum (Murthy e( al. 1996); Ocimum americanum 
(Pattnaik and Chand, 1996); Rauvolfia tetraphylla (Faisal et al. 2005) and Cassia 
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angiistifolia (Sidddique and .Ajiis. 2007d;. This problem was overcome by transfer of 
TDZ exposed plants to a medium lacking TDZ. Subculturing had a significant effect 
on shoot proliferation. The effect of subculture passages was also evaluated on shoot 
multiplication. The highest rate of shoots per cotyledonary node explant (5.2 ± 0.38) 
increased during the fourth culture passage, became stable at fifth passage and beyond 
which a gradual decline in multiplication rate was noticed. Similar results were 
obtained in nodal explant (5.2 ± 0.58) during subculture passage. In Bacopa monniera, 
an increase in shoot induction and multiplication has been reported upto third 
subculture passage beyond which a decline in multiplication rate was observed (Tiwari 
et al. 2001) whereas in Aegle marmelos, frequency of shoot proliferation and growth of 
shoot continued through five subculture passages without any sign of decline 
(Ajithkumar and Seeni, 1990). 
The results obtained clearly indicate that an optimum exposure of time for 
explants in TDZ supplemented medium followed by the withdrawl of TDZ effectively 
triggered shoot multiplication. 
5.2. Rooting in regenerated shoots 
In the present study, rooting experiment was carried out by both in vitro and ex 
vitro methods. The microshoots failed to develop roots on growth regulator free MS 
medium. The regenerated well developed (4-5 cm) shoots were separated from 
proliferated cultures and rooted in half strength MS medium supplemented with auxins 
(lAA, IBA and NAA) in different concentrations. The optimal medium for rooting 
contained 1.0 fxM IBA, on which 88% of the regenerated shoots developed roots with 
an average number of (5.2) roots per shoot after 4 weeks of culture. Of the three auxins 
tested, IBA was found superior to lAA and NAA. Effectiveness of IBA in in vitro 
rooting has been reported for several medicinal plants including Ocimum americanum 
(Pattnaik and Chand, 1996); Gymnema sylvestre (Komalavalli and Rao, 2002) 
Tylophora indica (Faisal and Anis, 2003); Artemisia judaica (Liu et al. 2003) 
Rauvofia tetraphylla (Faisal et al. 2005); Pesudarthria viscida (Baskar et al. 2006) 
and Clitoria ternatea (Barik et al. 2007; Shahzad et al. 2007). This is in contrast with 
the findings of Lakshamanan and Dhanalakshmi (1990) and Rout (2005) where NAA 
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was more effective than IBA in inducing rhizogenesis in in vitro shoots of Clitoria 
ternatea. 
Rooting was also carried out ex vitro. In the present study, basal portion of 
regenerated shoots (3-4cm) were dipped in different concentrations of IBA for half an 
hour and then planted in plastic pots containing sterile soilrite. High rooting efficiency 
(84%) was observed with 200 \xM. IBA. Similar results were obtained in Cassia 
angustifolia (Siddique and Anis, 2007a and d); Tylophora indica (Faisal and Anis, 
2006); Cyamopsis tetragonoloba (Ahmad and Anis, 2007 b) and Vitex negundo 
(Ahmad and Anis, 2007 a). 
Ex vitro rooting method combines rooting and hardening step, thus reduces the 
micropropagation cost, labour and establishment of plants from laboratory to field 
(Meane and Debergh, 1983; Preece and Shutter, 1991; Babu et al. 2000 and Arya et al. 
2003). 
5.3. Acclimatization 
One of the most important and critical step in micropropagation of plants is the 
period of transition during the process of hardening after transferring the in vitro raised 
plantlets to the culture room environment. Due to special environment in vitro, it is 
difficult to produce plants which can be acclimatized to the outside environment 
(Kozai, 1991). When tissue culture raised plants are transferred to ex vitro environment 
conditions, they fail to cope with outer climatic fluctuations, because of their different 
physiology in controlled conditions which make them unfit to survive in field. 
The special conditions during in vitro culture resulted in the formation of 
plantlets of abnormal morphology, anatomy and physiology. After ex vitro transfer, 
these plantlets might easily be impaired by sudden changes in environmental 
conditions, so they need a period of acclimatization to overcome the abnormalities. 
The rooted plantlets of Clitoria ternatea were successfully hardened off inside the 
culture room in selected planting substrate. The plantlets were covered with 
transparent polythene bags to maintain high humidity and also to prevent desiccation 
with the control temperature, photoperiod and irradiance. 
These were then transferred to garden soil after 4 weeks. More than 85% of 
soilrits survived following their transfer from soilrite to garden soil. 
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5.4. Synthetic seed 
Synthetic seeds are defined as artificially encapsulated somatic embryos, shoot 
buds, cell aggregates, or any other tissue that can be used for sowing as a seed and that 
possess the ability to convert into a plant imder in vitro or ex vitro conditions and that 
retain this potential also after storage (Piccioni and Standardi, 1998). The 
encapsulation of in vitro derived axillary buds has been employed in recent years to 
develop synthetic seeds in many plant species like Citrus reticulata (Antoinette et al. 
1999); Rauvolfia tetraphylla (Faisal et al. 2006 a); Morus spp. (Kavyashree et al. 
2006) and Tylophora indica (Faisal and Anis, 2007). In the present investigation, the 
potential of alginate encapsulated nodal explants of Clitoria ternatea for propagation 
as well as effect of cold storage on conversion frequency and number of shoots were 
evaluated. An optimal concentration exchange between Na"^  and Ca^ "^  producing firm, 
clear, isodiametric beads was achieved using a 3% of sodium alginate upon 
complexion with 100 mM calcium chloride. Encapsulated nodal segments cultured on 
Vi MS medium supplemented with 5.0 ^M BA and 0.5 \xM IBA underwent 81.0 ± 
1.22% germination. Lower concentrations of sodiuin alginate and calcium chloride 
were not suitable because the beads were too soft to handle while at higher 
concentrations, the beads were hard enough to cause considerable delay in shoot 
emergence. Conversion into complete plantlets was achieved after 8 weeks of culture 
on the same medium. This is in accordance with the findings of Mathur et al. (1989); 
Kavyashree et al. (2006) and Singh et al. (2006). 
In the present study, the alginate beads stored at 4 °C for a period of 4 weeks 
resulted in maximum conversion (93.6 ± 1.46%) of nodal segments into complete 
plantlets after 8 weeks of culture. The alginate matrix, supplemented with the 
necessary ingredients served as an artificial endosperm, thereby providing nutrients to 
the encapsulated explants for regrowth (Nieves, et al. 1998). The percentage 
development of plantlets from encapsulated nodal segments decreased as the period of 
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storage increased beyond 4 weeks. Howe\er. the storage period be>ond 4 months, 
yielded a decHne in conversion response for the plantleis. The decline in the 
conversion response observed in synthetic seed stored for a period of 5-6 weeks may 
be due to inhibited respiration of plant tissues by alginate or to a loss of moisture due 
to partial desiccation during storage. 
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CRAPTER-6 
SUMMARY AND CONCLUSIONS 
Clitoria ternatea, commonly known as butterfly pea is a rambling, pretty, 
indigenous climber, upto 2 - 3 m in height, extensively grown in gardens for its 
attractive flowers. The plant possess antifungal properties and contains protein that is 
homologous to plant defensins (Osbom et al. 1995). The root is used in the treatment 
of various diseases such as indigestion, constipation, arthritis, and eye ailments. 
Propagation of Clitoria ternatea through seed is unreliable due to poor germination 
and death of young seedlings under natural conditions. 
Direct multiple shoot regeneration was achieved from cotyledonary node (CN) 
and nodal explants cultured on MS medium containing various cytokinins (BA, Kin 
and 2-iP) singly or in combination with auxins (lAA, IBA and NAA). Among the 
different concentration of cytokinins tested, BA (2.5 ^M) showed the highest 
regeneration frequency (85.2 ± 2.22 %) and number of shoots (9.8 ± 0.86) from CN 
after 4 weeks of culture. However, addition of auxin at lower concentration enhanced 
the shoot multiplication rate as well as shoots number. Highest number of axillary 
shoots (I3.2 ± 0.31) was achieved on MS medium containing BA (2.5 |iM) and NAA 
(1.0 ^iM). 
In nodal explants, the maximum regeneration frequency (86.8 + 1.93%), 
highest number of shoots (12.2 ± 0.37) per explant and shoot length (6.1 ± 0.03 cm) 
was obtained in MS medium supplemented with BA (5.0 |iM) and NAA (1.0 fi.M). 
The effect of thidiazuron (TDZ) was also investigated on multiple shoot 
induction from CN and nodal explants. MS mediimi containing TDZ (0.01-0.5 ^M) 
was effective in inducing shoot buds and maintained high rates of shoot multiplication 
on a growth regulator free medium. The highest shoot regeneration frequency (45.8 ± 
4.14%), number of shoots (3.6 ± 0.24) with (5.0 ± 0.10 cm) shoot length was recorded 
on MS medium amended with 1.0 |iM TDZ from nodal explants after 4 weeks of 
culture. 
In CN, reduced concentration of TDZ (0.1 |JM) pro'» ed to be ihe optimum ibr 
maximum number of shoot (5.0 ± 0.37) induction after 4 weeks of culture. Ho\ve\ er, 
the cuhures grown continuously on TDZ containing media formed fasciated and 
distorted shoots. Therefore, the shoots induced from TDZ were subcuhured on TDZ 
free MS medium. 
In vitro regenerated shoots were readily rooted when transferred to half 
strength MS medium supplemented with different concentrations of lAA, IBA and 
NAA. Best rooting response was achieved on V2 MS medium supplemented with 1.0 
^M IBA on which more than 88% shootlets were rooted. Rooting was also carried out 
by ex vitro method and the best results were recorded after 4 weeks when shoots were 
dipped in 200 jiM IBA for half an hour. 
The in vitro raised plantlets with well developed shoots and roots were 
successfully acclimatized in sterile soilrite and showed 100% survivability. 
Nodal segments obtained from in vitro cultures were encapsulated in calcium 
alginate hydrogel containing MS medium, 3% sodium alginate and 100 mM 
CaCb .2H2O were found most suitable for synthetic seed production, '/z MS medium 
supplemented with BA (5.0 jiM) and IBA (0.5 i^M) gave the maximum frequency (81 
± 1.22%) of conversion of encapsulated nodal segments into plantlets with a maximum 
of 7.5 ± 0.15 shoots after 8 weeks of culture. Encapsulated nodal segments 
demonstrated successfiil regeneration after different periods ( 1 - 6 weeks) of cold 
storage at 4 °C. Among the different periods of cold storage, the beads stored at 4 °C 
for a period of 4 weeks resulted in maximum conversion frequency (93.6 ± 1.46%) 
after 8 weeks when placed back to regeneration medium. The regenerated shoots were 
rooted satisfactorily on MS medium supplemented with 1.0 jaM IBA. Plantlets with 
well developed shoot and roots were successfiilly hardened off inside the culture room 
and gradually transferred to greenhouse where they grew well. 
The findings of my investigation lead to the following conclusions: 
1. Direct multiple shoot formation was achieved from CN and nodal explants 
using cytokinins (BA, Kin, 2-iP) either singly or in combination with auxins 
(lAA, IBA and NAA). 
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2. Direct multiple shoot formation was achieved from CN and nodal explants 
using TDZ singly. 
3. Best shoot multiplication was achieved on MS medium containing BA (2.5 
I^ M) + NAA (1.0 ^M) and BA (5.0 ^M) + NAA (1.0 |aM) in CN and nodal 
explants, respectively. 
4. Rooting was best achieved on '/2 MS medium supplemented with IB A (1.0 
i^M). 
5. The in vitro regenerated plantlets were successfully hardened off in solirite 
followed by their transfer to garden soil. 
6. Encapsulated nodal segments showed maximum conversion frequency on half 
strength MS medium containing BA (5.0 ^M) and IB A (0.5 )j,M) and retained 
their viability even after 4 weeks of storage at 4 °C. 
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